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SUMMARY 

X-ray diffraction methods vere used to identify the minor 
phases present in 20 hlgjh-temperature alloys in current use: 

16-25-6, 17N, 19-9DL, Discaloy 25, S590, N155, K-42-B, Refractaloy 26, 
Nimonic 80, Inconel W, Inoanel X, Inconel, Yitallium, 61, Stellite 
No. 6 , 6059, 422-19, X-40, S816, and Eastelloy B. 

The seven minor phases found to exist in the various alloys 
were columbium carbide, columbium nitride, titanium carbide, 
titanium nitride, chromium carbide (CryC 3 ), anfl carbides of the 

M 23 Cg- and MgC -types in which the ratios of metal M to carbon 

atoms are, respectively, 23:6 and 6:1. The following relations 
wore found from the results of this investigation: 

1 . ^Hien the ratio of the atomic percentage of titanium to that 
of carbon is 12.5 in the nickel -base alloys, titanium nitride is 
found. 


2. Columbium and titanium are effective nitride and carbide 
formers. 

3. Nhen titanium is not present in these alloys, in order for 
columbium alone to combine with all the carbon of an alloy, it must 
exist in a quantity appreciably above that theoretically required. 

4. In the hi^-temperature alloys containing a quantity of 
chromliim in the order of 20 percent with small percentages, relative 
to the carbon content, of other stronger carbide -forming elements, 
the carbide Cr 7 C 3 is found. 

5. With an increase in the ratio of the atomic percentage of 
molybdenum and tungsten to the atomic percentage of carbon avail- 
able to these elements for combination, the carbide containing the 
molybdenum and tungsten atoms tends to change from M 23 C 0 to MgC. 
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IHEKOIUCTION 

Cartides, nitrides, and other phases distributed throughout the 
matrix of alloys play a signif ioant TOle in determining the char- 
acteristics of the alloys. An element dissolved in the matrix may 
alter such properties of the matrix as corrosion and oxidation 
resistances, hardenahility, strength, and crystal structure. Tflien 
a minor phase appears in an alloy, stresses within the matrix 
result and these stresses may exert a great influence on the hi^- 
tengierature properties of the alloy stioh as creep and stress - 
rupture strengths. The identification of these minor phases in an 
alloy is inqportant in determining the distribution of the elements 
of the alloy among the phases. 

Ehowledge of the manner in tdiich a specific element is dls** 
tribute! among the various phases of an alloy would permit evalua- 
tion of the function of that element in the alloy. This informa- 
tion would also help in selecting the percentage of an element 
required in a new alloy containing the same types, but not the 
same giuantities, of minor phases as alloys previously studied. For 
example, chromium in solution in an iron-base matrix is well known 
to produce excellent resistance to oxidation by forming a ti^tly 
adhering oxide film on the surface under oxidizing conditions. 
ChrcHnlum, however, is a carbide -former; if all the chromium in such 
an iron-base alloy forms carbides, this resistance to oxidation is 
lost. Therefcare, if chromim is to be dissolved in the matrix of 
an iron-base alloy in a sufficient amount to give a specified 
oxidation resistance, the manner in "vdiich chromium distributes 
itself among the carbide phases and the matrix must be considered 
in determining the percentage of chromium that the alloy shoxzld 
possess. 

Although a large amotmt of research has been conducted ,on the 
cooqaositions of the minor phases of steels, ll^t alloys, and 
copper-base alloys, little research has been published on the com- 
positions of the minor pheises present in hl^-temperature alloys 
in current use. The minor phases in VltalUum, a cobalt -base 
alloy, have been investigated microscopically by Badger and Sweeny, 
who f oxmd the phases M 23 C 0 (where M is any metallic atom of 

the aHoy), M 0 C, and CryC 3 to be present (reference l). 

An investigation was therefore conducted at the BACA Cleveland 
laboratory to identify the minor phases existing in 20 high- 
temperature alloys and to obtain a pattern of the relations between 
the composition of these alloys and the foimation of their minor 
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phases. The 20 alloys are representative of the materials employed 
In current gas -turbine applications. The identification of the 
minor pheise vas based on a determination of their crystal structures 
throu^ the use of I-ray diffraction methods . 


ALLCJYS 

Typical chemical compositions of the 20 alloys — 16-25-6, 17W, 
19-93IL, Discaloy 25, 3590, N155, E-42-B, Befractaloy 26, Nimonic 80, 
Inconel N, Inconel I, Inconel, Yltallium, 61, Stellite No. 6, 6059, 
422-19, X-40, 3816, and ^latelloy B — are shown in table I. The 
alloys are divided by composition into groups: Cr-Ni-Fe beise, 

Cr-Ni base, Cr-Co base, Cr-Ni-Co base, and Mo-Ni base. 

All the alloys possess face -centered cubic crystal structures 
at room ten^rature vlth little difference in lattice parameters. 
Me£isiirements showed that the lattice paraiaeters of 12 of these 
alloys (reference 2 and unpublished HACA data) range from 3.5525 to 
3.5975 angstrom, units. 

The sanqples were taken from hot -rolled bars, except those 
deslgoated cast in table I; samples frrcm these alloys were taken 
from specimens in the as -cast state. 


APPABATIB AND EROCEDDHES 

X-ray and electron diffraction and chemical and spectrographic 
analyses were considered for use. Chemical and spectrographic 
aneojrsee were rejected because of the difficulty of obtaining pure 
minor-phase samples necessary for these methods. Electron diffrac- 
tion was also rejected because of its sensitivity to the thin 
reaction films that may foim on the surface of the specimen during 
any processing treatments (reference 3). I-ray diffraction was 
therefore iised. The preparation of samples for X-ray diffraction 
examination entailed the digestion of the alloys to increase the 
concentration of the minor phases. 

Concentration of minor phases. - The minor phases can be con- 
centrated by electrolytlcally digesting the alloy in a bath of a 
reagent that selectively dissolves the matrix; this process deposits 
a residue of hl^ minor-phase concentration on the bottom of the 
bath. If several samples of an alloy are subjected to electrolytic 
attack by different reagents, each reagent dissolves the alloy 
phases in varying proportions. Because the pihases present are 
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unlmawn, a ntnabor of reagents are employed in an attempt to con- 
centrate eEich of the minor phases as a residue in at least one 
reagent. By a ccmparison of the patterns of the several residues 
so obtained, the intatferenoe lines due to each phase may he dis- 
cerned and identification of the phase made accordingly. 

The following electrolytic digestion agents were used, each at 
concentrations of 50 and 150 grams per liter of aqueous solution 
except for the oxalic eicid reagents, in •vdiich concentrations of 50 
and 100 grams per liter were employed: 

1. Bydrochloric acid, HCl 

2. Nitric acid, HHO 3 

3. Sulphuric acid, H 2 S 0 ^ 

4. Phosphoric eicid, %P0^ 

5. Chrcmic acid, 

6 . Oxalic acid, 22020 ^^ 

7. Acetic acid, HD 2%02 

8 . A^ua regia, HNOg'HDl 

9. Ferric chloride in hydrochloric acid, FeCl 3 *HJl 

10. Phosphoric -sulphuric acid, 23104 * 2:2304 

11. Sodium hydroxide, Na02 

12. Anmonium hydroxide, 2^402 

Twenty-four san 5 )lee of each alloy were cut and each served as the 
anode in one of the twenty-four electrolytic haths; in each hath 
a carhon rod was the cathode. A thimble surrounded the cathode to 
avoid contamination of the residue hy any deposit tliat might fall 
from the cathode, A OTirrent of approximately 1.5 amperes was 
passed throu^ each hath for a period of 24 hoicrs . At the com- 
pletion of this digestion period, two specimens were collected from 
each hath. One was the residue, which was filtered from the hath 
and washed with distilled water, and the other was the coating that 
was scraped from the anode. The anode coating served as a check on 
the Insults ohtEilned wiiii the residue. 
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X-ray diffraction. - Detye-Sclierrecr pcwder cameras, 57.3, 

114.6, and 143,2 millimeters in diameter vere employed in obtaining 
diffraction patterns of the specimens, wMch were ground to helow 
200-mesh size. The three camera diameters were used to save time. 
Or, Fe, Co, and Cu radiations were used with filters of V, 

Ma, Fe, and Ni, respectively. Specimens for the largest camera 
were mounted on cotton threads Impregnated with minereil oil; speci- 
mens for the other cameras were mounted on thin glass rods "rtth a 
mixture of 3 parts amyl acetate to 1 part Ambroid cement as the 
binder. During exposure to the X-ray beam, specimens in the largest 
camera were oscillated throu^ 20°, whereas those in the other 
cameras were rotated slowly. The relative intensities of the lines 
on the developed film were estimated visually. The line speicings 
were measured to the nearest 0.1 millimeter. 

Final identification cf the minor phases weis based on the 
patterns obtained with the camera of largest diameter. If lines 
not previously identified were observed in the patterns obtained 
with the smaller cameras, another diffraction pattern of that 
specimen was taken with the 143. 2 -millimeter camera. Identifica- 
tion of the minor phases was made by coai^jaring the interplanar- 
spacing data obtained with those of compounds of the alloying 
elements listed in the literature and in the A.S.T.M. card index. 


EXITRIMEHTAL KESDITS AND LIMITATIONS 

This investigation did not result in identification of all 
residues obteilned; the imldentif led diffraction patterns are listed 
in table H. The patterns of this table have been compared with 
those of ccmpounds of the alloying elements listed in the A.S.TJ4. 
card index and, in sane cases, close agreement has been found. How- 
ever, the compounds whose patterns agree with those listed in 
table n have a large number of iscmorphs and the composition of 
each phase therefore cannot be established. 

The residue yielding the first pattern in table II appears to 
be a mixture of two phases: The first phase yields a pattern most 
similar to that of rhombohedral iron oxide, Fe 203 ; the second com- 
pares most closely with the spinel type cf ccmpoimd such as face- 
centered cubic cobalt chromite, CoCt 204 . Pattern 3 is similar to 

that of rhombohedral a-iron oxide monohydrate, a-Fe 203 *H 20 

whereas patterns 7 and 14, idiioh are markedly similar, seem to 
correspond to the pattern of p-iron oxide monohydrate, 
p-Fe 203 *H 20 . Pattern 4 agrees closely with that of rhcmboheclral 
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iron titanate, FeT103. Pattern 9 contains lines tliat Indicate the 

presence In this residue of a face-centered cubic phase vlth a 
lattice parameter of 4.17 angstrom units, comparahle with nickel 
oxide, NIO. The last pattern appears to he a combination of the 
pattern of p-lron oxide monohydrate (patterns 7 and 14), and the 
rhombohedral Iron oxide (pattern l). 

Interplanar spacing values and Intensities of the interference 
lines of the seven minor phases found in the alloys investigated 
are tabulated in table IH. The symbol M used in this table 
represents any metallic atom of the alloy under consideration; that 
Is, the formulas MgsCg and MgC Indicate carbide types In which 

the ratios of metal to carbon atoms are, respectively, 23:6 and 6:1. 
As will be shown later, this notation Is used because of the uncer- 
tainty that exists about the composition of these particular minor 
phases. Table IV shows that the lattice parameters of the minor 
pheises, titanium carbide and carbides of the l^sCg and MgC types, 

were found to vary in different alloys outside the limits of experi- 
mental accuracy. The value of bhe lattice parameter of each idiase ' 
Identified In each alloy Is listed in table IV. 

A complete tabixlatlon of the patterns of the residues obtained 
•vrlth each reagent for every alloy Is given in table V. 

The minor phases Identified in each of the 20 hl^-temperature 
alloys examined are listed in table VI. The alloys are listed 
according to the principal metallic elements present and are 
arranged under these headings in accordance with their minor ele- 
ments. The elaaents are listed in an order making for ease of com- 
parison between alloy compositlona . In the Cr-Ni-Fe-base alloys 
and in the Cr-Ni-Co-Fe-base alloys considered in this report, 
molybdenum is the most commonly used minor element. In the 'Cr-Ni- 
base alloys, titanium and alumlnm or titanium and columbium are 
present eilthough copper, in one instance, is used alone. In the 
Cr-Co eind Cr-Ni-Co alloys, tungsten and molybdenum are used. 

The leist group, represented by only one alloy, comprises tfo-Ni- 
base alloys. 

The identification of these paarfclcular minor phases does not 
indicate the absence of any other minor phase but only the presence 
of those identified. Minor phases may have been present In some 
alloys in such small amounts that they were not concentrated in any 
of the residues to the minimum concentration reg,uired for detection 
by dlffreujtlon methods. Some minor ;^ases present also may have 
been soluble, paitlal.ly or completely, in £ill of the 24 electrolytes 
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used; If so, their percenteiges in the residues may have heen 
reduced, rather than concentrated, as ccmpared to those in the 
alloy. 

The possihility always exists that reaction products framed 
diirlng the digestion process may have heen insoluble in the reagent 
and collected with the residue. With oxalic acid, reaction products 
were thus collected and, consequently, the patterns of residues of 
the hlg^-temperattire alloys electrolytically digested in oxalic 
acid were identified aa those of mixtures cf the oxalates of coheilt, 
nickel, and iron. 

Another factor to he considered in the identification oi minor 
phases is that these phases should not necessarily he regarded as 
true ccmpounds possessing the exact formulas shown. A suhstitu- 
tlonal solid solution of the other elements present in the com- 
pounds corresponding to these foamulas may exist. For example, 
cementite, Tdilch is usually written as Fe 3 C and which occurs in 
plain carhon steel, is a well-known example of the lack of dis- 
tinction that exists between a solid solution and a compound. 

Small additions of carbide -forming alloying elements to carhon 
steel can he accommodated, to a limited extent, by replacement of 
the iron atoms of the cementite; cementite, therefore, can contain 
up to about 15 percent chromium (reference 4, p. 78), the chromium 
atoms occupying the positions cf the iron atoms that they have dis- 
placed throu^qut the crystal lattice. When the percentage cf the 
carbide-forming element is further increased, the cementite can 
accommodate no additional foreign atoms and a new carbide phase, 
richer in the alloying elements, forms. Althou^ Z-ray diffrac- 
tion yields information on the crystal structure of the material 
examined, it does not directly give the elements that make up the 
compounds. Iscmorphs of the ccmpounds listed as identified may 
therefore have been present. 


COMPAEUSOR WITH MIROR PHASES OF F0I3R TYPES OF STEEL 

Inasmuch as five of the seven ccmpounds identified in the 
high-temperature alloys have been previously observed in steels, a 
survey of the intermetalllc coapounds observed in steels containing 
the same alloying elements as the hi^-temperature alloys was made. 

Table VH shows the carbides, nitrides, and internet allic 
minor ihases identified in low- and hi^ -alloy steels (refer- 
ences 4 to 8). Of these ccmpounds, those found also in the bl gb - 
temperature eOloys investigated are indicated and are 
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chromiuni carMde, Cr 7 C 3 ; oarliidea of tlie M 23 C 0 and M 0 C types; 
titanium nitid.de, TIN; and titanixnn carbide, TiC. 

In a series of chrcmium steels cf increasing chrominm content, 
the minor phase present changes in composition and structure from 
Fe 3 C to Cr 7 C 3 to Cr 23 C 0 , and finally the brittle intermetallic 

compound FeCr occurs (reference 4, p. 78). 

The minor -phase types of the steels of molybdenum and of 
tungsten exhibit marked similarity, as shown in table 7U. A st-udy 
of a hi^-speed steel containing 17.2 percent tungsten and 0.64 per- 
cent carbon showed an iron-tungsten carbide cf the M 0 C-type, 

Fe 4 ¥ 2 C, to be present and similar investigations with molybdenum 
steels indicated that the analogous carbide, Fe^MogC, existed 

(reference 5) . Eef erence 5 indicated that the range of hcanogeneity 
of these carbides extends at least over the range cf ccanposition 
between the limits Fe 4 (Mo or W) 2 C and Feg(Mo or W) 2 C. Other 

investigators (reference 9) have^ succeeded in isolating from a 
molybdentm steel a carbide powder tdiose compoaitlon corresponds to 
that of F 0311030 . 

Titanium nitride was identified in Nlmonic 80 and inconel W, 
columbium nitilde in 19-9DL, and the nitildes cf titanium and 
columbim in Inconel X. These alloys nominally contain no nitrogen; 
however, in a steel that prestunably contained 2.28 percent titanium, 
0.05 percent carbon, and no nitrogen, Hume-Eothery and colleagues 
(reference 6 ), using the electrolytic method employed in this inves- 
tigation, identified titanium nitride in addition to titanium 
carbide and ferrotitanide, Fe 2 Ti. Diffuse interference lines were 
found in the diffraction pattern between the corresponding lines of 
the titanirmi carbide and titanium nitride, from which they inferred 
that titanium carbide and titanium nitride, both face-centered 
cubic structures of about the same lattice parameter, formed a con- 
tinuous series of solid, solutions . No such diffuse lines wore 
noticed in the patterns obtained from the residues of Inconel ¥, 
an alloy in -vdiich both titanium nitride and titanium carbide were 
identified. 

The known carbides of the ^300 type and their lattice param- 
eters are shown in the following table (data from reference lO) : 



KACA TN Ko 


1580 


9 


Isomorph 

Lattice parameter, a 
(A) 

^^23^6 

10.638 

(Cr,Fe)23Cg 

10.565 

(F© 

10.527 

(Cr,Mb)23Cg 

? 

(Cr,¥)23Cg 

10.73 


Hiis type of carbide has heen detected in one binary system, that 
of chromim with carbon. The occurrence of the carbides of the 
M 5 C type has not been noted in any of the binary systems with 

carbon. Apparently, an element such as iron, chromium, or cobalt 
and a heavier element, such as tungsten or molybdenum, must be 
present for the formation of carbides of the M 0 C type. Table VH 

shows that the percentage of molybdenum tungsten needed for 
formation of the carbide type M 23 Cg is lower than that needed in 
forming the MgC type. 


DISCUSSION OF EESDLTS 

As shown in table YI, titanium nitride was observed in the 
high -nickel alloys, Nlmonic 80, Inconel ¥, and Inconel Z. COlum- 
bixmi nitride was also identified in the last alloy. The presence 
of these nitrides in alloys that presumably contain no nitrogen 
raises the q.uestion of whether nitrogen was present in the nickel 
or in the titanium as an Impurity. The second possibility is more 
probable when it is noted that Hume-Rothery (reference 6 ) also 
detected tltanlxim nitride in a steel containing very little, if 
any, nickel. The reaction of titanium carbide with nitrogen at 
temperatures above 1500° C and its resulting decarburization 
(reference U) is an indication that titanium has more affinity 
for nitrogen than for carbon. The crystal structitres of titanium 
nitride, titanium carbide, coliimbium nitride, and columbium carbide 
£ire similar, inasmuch as all possess the face-centered cubic NaCl- 
type structure -vrLth the maximum difference in lattice parameters 
being in the order of 5 percent. The values of the lattice param- 
eters of the titanium nitride phases listed in table IT show good 
agreement with that of 4.233 angstrom imits for the titanium 
nitride found in titanium steel (reference 6 ) . 
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Colmribium nitride, CM, was detected in three alloys : N155, 

an alloy containing 0.11 percent N and 1 percent Cb; Inconel 2, 
an alloy -which hafl been discussed; and 19-9EL. In order to account 
for the presence of columblum. nitride rather than columlum. carbide 
in these eiUoys, colujubium must be postulated to be a stronger 
nitride- than carbide -former. These eaperlmental results merely 
confirm -that titanium and columblum react similarly -wl-feh carbon and, 
q.ulte concei-vably therefore, also react similarly -with nitrogen, a 
nonmetal similar to carbon. In line -with -this reasoning, because 
titanium is a rtronger carbide -former than columblum (reference 4, 
p. 64), titanium may eilso be expected to be a stronger nitride- 
former than columblum. Columblum nitride, however, was identified 
in 19-9EL not titanium nitride, even though both titanium and 
columblum -were present in this alloy. Whereas aluminum usually 
accompanies titanium as a minor alloying element in the hi^ - 
temperature alloys Investigated, "the alloy 19-9EL conta in s no 
aluminum (table Vl) . Bo"bh aluminum and titanium possess great 
affinity for oxygen (reference 4, passim), an element vdiich is 
always present to some extent as an Impurity. If the assumptions 
are moda that aluminum is a stienger oxide -former than titanium 
and that titanium has a greater Affinity for oiygen than for 
nitrogen, the presence of columblum nitride and not of titanium 
nitride in the alloy 19-9I3L, -which contains no aluminum, can be 
explained in the following manner. Where titanium, columblum, and 
aluminum are present as minor elements in an alloy, the aluminum 
first combines -wi-bh the oxygon present leaving titanium free to 
combine -with the nitrogen. If any nitrogen exists after tltanim 
has reac-fced with it, columbium nitride forms. However, -where 
aluminum is not present, as in -fche case of 19-9HL and Inconel 2, 
titanium combines -wi-fch the oxygen present before combining -with 
the nitrogen. If an excess of titanium exists after reacting -wi-fch 
the oxygen, titanium nitride foims; if no tj-fcanium remains after 
reacting -wi-fch -fche oxygen, the columbium of -fche alloy reeujts -with 
the free nitrogen, forming columbium nitride. The first condition, 
presumably, is representative of Inconel 2 and -fche second condi- 
tion, of 19-9DL. The greater percentage by -wei^t of titanium in 
Tnnnufti X -fchan In 19-9DL lends credence -fco -fchis theory -fchat leads 
to the conclusions that Inconel 2 has an excess of titanium over 
that necessary to combine -with the oxygen present in this alloy 
and -fchat in 19-9EL the excess titanium does not exist. 

Tn all eiUoys containing titanium or colTimbium or both, the 
corresponding carbide -was identified -tdierever -fche nitride phase 
was not detected and in some cases in conjunction -wi-fch the nltXlde 
ph£ise. The carbide-forming elements of -the alloys examined, 
listed in order of increealng tendency to form carbides, are 
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chromium, molybdenm, tungsten, columbium, and titanium (refer- 
ence 4, p. 64). By this listing, if only carbides are obtained as 
minor phases, the presence of titanium carbide and columbium car- 
bide in alloys containing titanium and columbium is to be ezpected 
before the carbides of molybdenum, tungsten, and chromium. In the 
eilloys S590 and S816, the percentage of columbium carbide 
present is large enough to be detected without concentration of the 
sample (reference 2) . 


The carbide type M23C0 was identified in seven alloys: 

17N, 19-9HL, Vitallium, 61, 6059, 422-19, and X-40. This type of 

carbide is lower in molybdenum or tungsten content than the 
MgC type. Inasmuch as titanium and columbium have greater affin- 
ity for carbon than either molybdenum or tungsten, the presence of 
carbides of molybdenum and tungsten is not to be expecued if 
titanium and columbium are present in an amount more than that 
reqLulred to combine with all the carbon present. 

The carbide type MgC was identified in three alloys* 

16-25-6, 3590, and Hastelloy B. 3n 16-25-6 and in Hastelloy B, in 
which no other carbide was detected, the ratio of molybdenum to 
carbon content was hi^er than in the alloys containing the minor 
phase M23Cg. In the alloys containing a hi^ percentage of 
molybdenum and tungsten relative to the carbon content, the car- 
bide of the hi^er molybdenum and tungsten content, MgC, there- 
fore seems to exist. 


Chromium carbide, CryC3, was detected in the two alloys. 

Inconel and Stellite No. 6. Inconel contains no carbide foimer 
other than chromium, and Stellite No. 6 contains a relatively hi^ 
carbcai percentage (1.3 percent) with a resultant low ratio of the 
molybdenum-plus-tungsten content to the carbon content as conqjared 
to the alloys already discussed. Inasmuch as the carbon is there- 
fore not combined with the stronger carbide formers, molybdenum 
and tungsten, a chromium carbide should be found in both these 
alloys; the presence of Cr-7C3 confirms this reasoning. Because 
Stellite No. 6 has 27 percent chromium and 1.3 percent carbon 
(table 1), a large quantity of the carbide Cr-7C3 probably exists 

throu^out this alloy and this large amount is probably capable of 
dissolving the tungsten of the alloy. The relatively low tungsten 
content in the carbide was indicated by the backgrounds of the 
diffraction patterns obtained with cobalt and chromium radiation. 
Cobalt radiation caused the residues consisting mainly of this 
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phase to fluoresce heavily, -idiereas excellent patterns were ohtalnecL 
with fiTyrmium radiation. If the cstrhide cf the type Cr^Cij had 

contained any considerahle quantity of tungsten, hea.vy fluorescence 
would have also occurred with, chrondum radiation. 

The presence of the winfirr phases identified in the varioim 
alloys is roughly correlated with the ratio cf the content of 
carhide-founlng elements to the carhon content of the alloy 
in table 7IH. Titanlxna and columbium, the strongest carbide 
fozners, ai*e here assumed to combine with carbon in the ratio of 
one atom of metal to one atom cf carbon. Any carbon that re mains 
after these two elements have combined with it is free to combine 
with tungsten and molybdenum. The first column lists the ratio of 
atomic percentage of titanium to the atomic percentage of carbon. 

second column lists the ratio of atcmio percentage of columbium 
to the atomic percentage of carbon. If the sum of these two ratios 
were 1, If perfect distribution and mixing took place, and if only 
carbides trare obtained as minor phases, all the carbon would combine 
with titanium and columbium, leaving no excess of carbon or of the 
metallic element . • If this sum Tfere more than 1, an excess of 
metallic element would be present; If less, an excess of carbon 
would be present that could be distributed to the molybdenum and 
tungsten atoms of the alloy, ■ The third column is the ratio cf the 
atomic percentage of molybdenum plus tungsten to the atomic per- 
centage of the "free" carbon, that is, the carbon rema in i n g for com- 
bination with the' molybdenum and tungsten. 

Table vttt shows that whenever titanium or columbium is 
present In an alloy, at least one of the minor phases detected is 
a nitride or carbide of either element regardless of the per- 
centages of tungsten, molybdenum, or chromium that may exist In 
the alloy. Thin observation substantiates the conclusion that 
both columbium and titanium have great affinity for carbon and 
nitrogen. "When the ratio of the atomic percentage of titanium to 
the atomic percentage of carbon is 12.5 in the hi ^-nickel alloys. 
Inconel I, Inconel W, and Nlmonlo 80, titanium nitride is present. 

As the sum of the ratios of the first two columns decreases, car- 
bides other than those of titanium or coluniblum make their appear- 
ance. 'When the ratio of the atomic percentage of columiblum to the 
atomic percentage of carbon is 1,3, faint lines appearing on the 
patterns obtained from the residue of S590 were identified as 
those of the carbide of the higher molybdenum and timgsten con- 
tent, MsC. This carbide, however, was nob identified in 3816, 
an alloy comparable to 3590, which indicates that this carbide 
probably would bo absent or would bo present in quantities too 
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small for detection "by Z-ray diffraction if a more thorou^ mixing 
took place. V/hen tlie sum of the ratios of the first tvo colimins is 
further decreased to 0.5 and more carton thereby is released to the 
molybdenum and tungsten atoms, the carbide of the lower molybdenum 
and tungsten content, fr^Cg, is found. When no titaniim or colum- 
bium exists, the carbide Cr-^C 3 is present in the two alloys 

Inconel and Stellite No. 6, which contain small percentages rela- 
tive to the carbon content of molybdenum and tiuagsten and a chro- 
miina content in the order of 20 percent. As the ratio of the 
atomic percentage of molybdenum and tungsten to the atomic per- 
centage of carbon increases with no titanium or colmnbium present, 
the carbide containing the molybdenum and ttmgsten atoms changes 
from J^ 3 Cg to MgC. The finding of MgsCg in the alloy 19-9IIL 

when the ratio of atomic percentage of molybdenum and tungsten to 
the atomic percentage of carbon available for combination is 1.3 
(table vm) as well as the detection of MgC in the alloy S590 
Tdien this ratio is theoretically infinite tends to conflim the 
conclusion that M 23 Cg appeara idien this ratio is low eind that 

MgC appears when this ratio is hi^. 

Because complex carbides are present in the alloys examined, 
the alloying elements are not Independent of each other. This 
concept agrees with the findings in reference 12, which states 
that the strong carbide-foiming elements, Tdien simultaneously 
present in steel, have an interaction that serves to decrease 
their Indi'gldual effects on hardenabillty. 


SUMMARY OB’ RESUI/TS 

An X-ray diffraction investigation cf the minor phases of 
20 hi^-temperature alloys resulted in the identification of seven 
minor phases, columblum carbide, columblum nitride, titanium car- 
bide, tltanim nitride, chromium carbide (CryC 3 ), and carbides 
of the I^sCg and MgC types (where M is any metallic atom), 

Columblum carbide was Identified in each alloy containing colum- 
bitnn. with the exception of 19-9KL, N155, and Inconel X, in 

which columblum nitride was found. Titanium carbide was iden- 
tified in esich alloy containing titanium, with the exception of 
Nlmonlc 80 and Inconel X, in wiiich titanium nitride was detected, 
and the further exception of 19-9DL. 

In this investigation, the following relations of alloy com- 
position to the formation of minor phases were found: 
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1. When "the ratio of the atomic peroentage of titanium to that 
of carbon is 12.5 In the niofcel-baae alloys, titanium nitride is 
found. 


2. Columbium imd titanium are effective nitride and carbide 
formers. 

3. "When titanlvmi is not present in these alloys, in oirder for 
columbium alone to combine vlth all the carbon of an allo y, it must 
exist in a gnantlty appreciably above thab theoretically required. 

4. In the hi^-temperature alloys containing a quantity of 
chromium in the order of 20 percent -srith small percentages, rela- 
tive to the ca3S)on content, of other stronger carbide-forming 
elements, the carbide Cr^Cj is found. 

5. With an increase in the ratio of the atomic percentage of 
molybdenum ftriii tungsten to the atomlo percentage of carbon avail- 
able to these elements for combination, the carbide containing the 
molybdenum tungsten atoms tpnds to change from l^Cg to MgC. 


Fll^t Propulsion Eesearch Laboratory, 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio, March 24, 1948. 
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TAHLE I - 0?YPICAL CQMEOSIPIOWS OF 20 BIGS-TIllBERArDEE ALLOTS 


Alloj 


S590 
W155 
K-42-B 
Eefract- 
aloy 26 


0.4 20 

.3 20 

.05 18 

.05 18 


Chemical composition 
(percent) 


Wi Co Mo W Cb Ti 


Cr-Ni-Fe base 


Fe Other 


16-25-6 

0.15 

16 

35 

m 

.5 

13 

19 

19-9LL 

.3 

19 

9 

Discaloy 25 

.05 

13 

25 




51 

W 0.18 

— 

60 


0.3 

67 


1.8 

55 

• 

CO 



Cr-Ni-Co-Fe base 


20 4 
20 3 
22 




20 3 


Cr-Wi base 



Wimonio 80 

0.05 

21 

75 

Inconel W 

.05 

14 

75 

Inconel X 

.05 

15 

73 

Inconel 

.05 

14 

78 



25 

32 W 0.11 

2.2 14 A1 .2 

2.8 18 A1 .2 


2.5 0.7 A1 0.6 

2.5 6 Cu .1 


2.5 7 
' 7 


A1 .6 
Cu .2 


Cr-Co base 


Titanium®’ 

0.2 

28 

2.5 

62 

5.5 


61®' 

.4 

28 

1 

67 

— 

5 

Stellite 
Wo. 6 

1.3 

27 

— 

65 

— 

4- 



SI 2.7 


Cr-Wi -Co base 


6059® 

422-19® 

Z-40® 

S816 

0.4 

.4 

.5 

.4 

26 

26 

25 

20 

33 

15 

10 

20 

33 

51 

55 

44 

J 

Hastelloy B 

0-12 

0.27 

64 




Mo-Ni base 


29 


Cast; all other san^les were taien from hot -rolled bars- 
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TABLE H - Z-RAY DIEFRACTIOn PAKCEECHS OF UHIDEHTIFIED HESHCES 
OBTAINED BY ELBCTEOLYTIC DIjSESTION 
OF 20 HKH-THdEEEATDRE HLU3I3 

[]a 11 reagents per liter of soluticai; Fe-filtered Co radiation 
emplc^ed for all patterns; d, oTjserved interplanar spacing, A; 
I, estimated relative intonsitj of a diffraction line; vs, vei?y 
strong; s, strong; ms, medlina strong; m, mediimi; mw, medium 
veak; v, veak; w, very weak; f, faint; dl, diffuse] 


d 

I 

d 

I 

d 

I 

Pattern 1; alloy. 

1.351 

f 

2.14 

ms 

16-25-6; 

reagent. 

1.327 

f 

2.09 

m 

150 g HC2B3O2 

1.311 

w 

1.94 

mw 



1.276 

vw 

1.83 

f 

5.14 

vw 

1.261 

vw 

1.75 

vw 

4.83 

w 

1.191 

vw 

1.72 

vw 

4.28 

f 

1.162 

vw 

1.71 

vw 

3.68 

mw 

1.140 

vw 

1.69 

vw 

3.31 

vw 

1.120 

vw 

1.64 

m 

3,08 

f 

1.102 

• w 

1.61 

w 

2.96 

. m 

1.088 

w 

1.56 

f 

2.87 

f 

1.056 

vw 

1.51 

ms 

2.78 

vw 

.987 

f 

1.48 

m 

2.70 

s 



1.44 

mw 

2.52 

vs 

Pattern 2; 

alloy. 

1.376 

w 

2.41 

f 

17 ¥; reagent. 

1.306 

f 

2,21 

mw 

150 g H2Cr04 

1.292 

w 

2* 16 

vw 



1.278 

f 

2.09 

m 

7.32 

ms 

1.237 

vw 

2,03 

f 

6,08 

vw 

1.141 

f 

1.84 

mw . 

5.20 

mw 

1.090 

vw 

1.80 

vw 

4.16 

w 

1.071 

vw 

1.70 

m 

3.31 

s 

1.046 

f 

1.66 

f 

2.94 

mw 

1.019 

vw 

1.64 

f 

2.68 

mw 

.984 

vw 

1.61 

m 

2,61 

w 

.975 

f 

1.52 • 

f 

2.52 

vs 

.967 

vw 

1.48 

ms 

2.46 

m 

.958 

■ vw 

1.45 

m 

2.34 

f 

.938 

f 

1.366 

f 

2.28 

m 
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TABLE n - X-EAY DIEERACTION PATTERIB OF UNIDENTIFIED EESIDUES 
OBTAINED BT ELECTROLITIC DIGESTION 


OF 20 HIGH-TEMEERATnEE ALLOYS - Continued 


d 

I 

d 

I 

d 

I 

Pattern 3j alloy, 

1.247 

f, di 

Pattern 7; alloy. 

ITWj reagent, 

. 1.149 

f, di 

Eefraotaloy 26; 

t >0 Q liOgH^Og 

1.126 

f, di 

reagent. 




1.107 

f, di 

150 g NH 4 OH 

4.95 

vw 

1.088 . 

f, di 



4.16 

vs 

1.043 

f, di 

7.24 

s 

3.35 

vw 

.946 

f, di 

5.18 

mw 

2.95 

vw 

.938 

f, di 

4.16 

f 

2.67 

m 



3.27 

s 

2.57 

■W 

Pattern 

5; alloy. 

2.60 

w 

2.50 

vw 

N155; reagent. 

2.53 

s 

2.44 

a 

150 g NH 4 OH 

2.43 

vw 

2.24 

mw 



2.28 

w 

2.18 

mw • 

5.97 

vw 

1.94 

vw 

1.91 

f 

5.35 

vw 

1.64 

mw 

1.78 

vw 

4.31 

w 

1.51 

vw 

1.71 

ns 

4.16 

f . 

1.44 

vw 

1.59 

f 

3.69 

f 

1.375 

vw 

1.56 

in 

2.69 

s 



1.50 

in 

2.52 

s 

Pattern 8 ; alloy. 

1.45 

w 

2.46 

vw 

Himonlc 80; reagent. 

1.41- 

vw 

2.26 

f 

50 g HCl 


1.313 

vw, dl 

2.21 

vw 



1.258 

f 

2.08 

mw 

4.78 

s 

1.238 

f 

2.03 

vs 

4.66 

vw 

1.120 

vw, dl 

1.98 

f 

4.35 

s 

1.040 

f 

1.92 

f 

2.95 

w 

.975 

f 

1.84 

vw 

2.86 

w 

.945 

f 

1.80 

vw 

2.71 

vw 



1.77 

f . 

2.61 

f 

Pattern 

1 ; alloy. 

1.71 

f 

2.55 

f 

Discaloy 25; 

1.69 

w 

2.48 

m 

reagent, 


1.56 

f 

2.42 

vw 

150 g HNO, 

1.51 

f 

2.36 

f 



1.48 

vw 

2.14 

s 

4.00 

f 

1.45 

f 

2.10 

w 

3.60 

w 

1.433 

vw 

2.06 

mw 

2.93 

vw 

1.171 


1.96 

vw 

2.67 

s 

1.010 

f 

1.93 

w 

2.48 

vs 



1.85 

vw 

2.16 

mw 

Pattern 

6 ; alloy. 

1.52 

w 

1.82 

w 

K-42-B; 

reagent, 

1.50 

w 

1.67 

s 

150 g NH40H 

1.48 

vw 

1.52 

vw, di 



1 . 294 

f 

1.47 

vw, di 

7.63 

vs 

1.261 

vw 

1.433 

m 

2.61 

B 



1.299 

vw 

1.53 

m 





. 1.314 

vw 
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TABLE H - I-EAT jJJUb’FfiATTEION PATTMIS OF UNIDENTIFIED HESIIDES 
OBTAINED BT ELECTEOLITTC DICaSSTION 


OF 20 HIGS-TMPERATDBE ALLOYS - Continued 


d 

I 

1 

d 

I 

d 

I 

Pattern 9 

: alloy. 


Pattern 10 

; alloy. 

1.280 

w 

Nimonlc 80: reagent, 


Nimonlc 80 

; reagent. 

1.256 

V, dl 

150 g HNO 

3 


50 g NaOH 


1.231 ■ 
1.189 

w 

w 






5.86 

w 


2.95 

Wf 

1.172 

f 

5.27 

w 


2.76 

V 

1.083 

vw, dl 

4.20 

V 


2.67< 

vs 

1.068 

f, dl 

2.66 

2.44 

ms, dl 


2.35 

2.17 

V 

w 

1.038 

vw, dl 

r 




2.37 

ms, dl 


2.01 

f 

Pattern 12; alloy. 

2.29 

mw, dl 


1.71 

V 

422-19; 

reagent. 

2.06 

s, dl 


1.64 

w 

150 g NH4OH 

2.02 

V 


1.55 

s 






1.89 

f 


1.48 

w, dl 

4.63 

m 

1.75 

TW 


1.339 

TW 

3.03 

f 

1.66 

W 


1.293 

f, dl 

2.70 

vw 

1.59 

f 


1.018 

f, dl 

2.60 

f 

1.54 

1.46 

mv 

■ m, dl 


.991 

f, dl 

2.35 

2.24 

mw 

m 




1.374 

f 


Pattern 11: alloy. 

2.16 

m 

1.283 

w 


Tltalllum 

; reagent. 

2.11 

w 

1.249 

1.197 

w, dl 
w 


150 g HNO; 

5 • 

2.03 

1.91 

vs 

s 




1.160 

f 


2.62 

vw, dl 

1.76 

s 

1.135 

f 


2.36 

w, dl 

1.56 

vw . 

1.097 

f 


2.14 

vs 

1.48 

w 

1.070 

f 


2.08 

m, dl 

1.374 

vw 

1.063 

f 


2.03 

■mw, dl 

1.246 

ms, dl 

1.053 

f 


1.98 

w 

1.172 

vw, dl 

1.036 

f 


1.93 

V, dl 

1.145 

vw, dl 

.954 

w, dl 


1.84 

f 

1.081 

f, dl 

.929 

w, dl 


1.80 

m, dl 

1.062 

ms, dl 

.912 

f 


1.71 

vw 

1.045 

vw, dl 






1.016 

w, dl 
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TABLE n - Z-EAT EEEFEACTION PATTERNS OF UHUfEaSTIFIED EBSIDDES 
OBTAINED m ELECJEROLITIC DIGETION 
OF 20 HIGH-TEMPaSATURE ALLOYS - Concluded 
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TABLE 17 - LAETICE PAEAMEZEER3 OP MIHDE PEASES PODDD IN 
20 HIGH-TBMEERATDEE ALLOTS 
|m, any metallic atom of -alloy "being considered] 


Alloy 

lattice parameters 
(A) 

a 

a 

a 

a 

a 

c 

a 

a 

etc 

CbN 

TIC 

TIN 

^7^3 


MgC 

16-25-6 
17W 
19-9HL 
Dlscaloy 25 


4.396 

4.310 




10.60 

10.63 

10.97 

S590 

N155 

E-42-B 

Betfractaloy 26 

4.435 

4.401 

4.305 

4.306 





10.98 

Nlmonlc 80 
Inconel W 
Inconel 2 
JxLConel 


4.402 

4.323 

4.229 

4.233 

4.229 

13.99 

4.523 



Yitallium 

61 

Stellite No. 6 





14.03 

4.524 

10.65 

10.64 


6059 

422-19 

2-40 

S816 

4.436 






10.65 

10.65 

10.62 


H^telloy B 








10.87 

Limits of 
acctiracy 

±0.008 

±0.008 

±0.008 

±).008 

±0.03 

±0.008 

±0;02 

±0.02 
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Beagent 

ELeotro- 

Conoen- 

lyte 

tratlon 

(g/Uter) 

ECl 

50 


150 

HNO3 

50 


150 

H2SO4 

50 


150 

H3IO4 

50 


150 

^CrO^ 

50 


150 

®2®2®4 

50 


100 

HC2H3O2 

50 


150 


16-25-6 17W 19-9HL 



MgC 


MgC 


Alloy 


Alloy 


Alloy 


Alloy 


Alloy 


Alloy 


AUoy 


Oxalate 


Alloy 


®Pat. 1 




^23^6 M23Ce 


^23^6 M 23 C 


®Pat. 14] Alloy 


at. 14 CM 


Alloy I Alloy 


M23Ce CM 


Alloy Alloy 


at. 14J Alloy . 


TIC 


Tie 


Alley 


TABLE T - HBaHOBa OBTAIHED B7 XLSHBQLZTZO 
IN THELVI BBAOB9XS CB* 
|m^ any metaHlo atom- of 


Nlmonlo 

80 


°I>at. 8 


TIN 


TIN . 


*^Pat. 4 


^•rat. 4 


®Tat. 4 



Alloy 


«Eat, 2 |°Tat. 1 lAHoy 


Oxalate Oxalate Oxalate 


Oxalate Oxalate Oxalate 


®Pat. 3 ®Pat. 1 ®?at. 1 


®Pat. 1 M^t. 1 ®Pat. 1 


8590 

H155 


CM 

CbC 

CM 

CbC 

CM 

CbC 

CM 

CbO 

CM 

CbC 

CM 

CbC 

CM 

CbO 

CM 

CbCridgO 

CM 

CbC 

CM 



®Pat. 1 1 Alloy 


Alloy Alloy 


Alloy Alloy 


Alloy TIC 


Alloy 


^at. 1 Alloy 


at. 1 AUoy 


Alloy 


Oxalate Oxalate 


Alloy 


TIN 


TIN 


Alloy 


TIN 


Oxalate 
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jmaaxias cr 20 moB-inBffigRAaoBK allots 

TWO C0 J 10 H g fi gri0B3 EACH 
alloy to lag considered 


Bealdae 


AXLoy 


Inocmol 

V 

3jioona3 

Tnnonel 

Vital Hun 

61 

Stellite 
Ho. 6 

6059 

422-19 

1-40 

S816 

Bast alloy 
B 

TUr-tfPlC 

TUI+CM 

0^703 

“23°6 

^23^6 

OX7O3 

«23Ce 

“23°6 

^Cg 

CbO 

MgC 

TIH4TIC 

TUTtOM 

0X703 

MgsOg 

M23®6 

OX7C3 

l^Og 

ifesOe 

M230g 

CM 

MgC 

Alloy 

Alloy 

Alloy 

“asOfi 


Alloy 

Alloy 

Alloy 

MgsOg 

CM 

Alloy 

Alloy 

Alloy 

Alloy 

»Pat. 11 

AUoy 

Alloy 


^^Cg 

»%3C6 

CM 

Alloy 

Alloy 

Alloy 

0x703 


M23C6 

CX7O3 

^23^6 

l% 30 g 

M230g 

CM 

Alloy 

Alloy 

Alloy 

0X7(^ 

«Pat. 11 

Alloy 

Alloy 

Alloy 


^23°6 

CM 

Alloy 

Alloy 

Alloy 

OX7C3 

tissue 

Alloy 

Alley 

M230g 


M23C6 

CM 

Alloy 

Alloy 

Alloy 


%3C6+ 
apat. 11 

MggCg 

0x703 

Mg 30 g 

M 230 g 

M230g 

CM 

Alloy 

Alloy 

Alloy 

OX7C3 

Alloy 

M230g 

0x763 

Alloy 

%3®6 

M 23 O 3 

CM 

“Pat. 14 

Alloy 

TUT 

Alloy 

Alloy 

ifesCe 

Alloy 

M23Cg 

IfeCg 


CM 

“Pat. 14 

Oxalate 

Oxalate 

Oxalate 

Oxalate 

M 23 O 6 + 

OmlA-hp 

Alloy 

Oxalate 

l^Cg+ 

OtaI A-hn 

i^Ce*- 

OtaI A-hp 

CJbCi" 

OtaI rI-.a 

Oxalate 

Oxalate 

Oxalate 

Oxalate 

Oxalate 

Oxalate 

Oxalate 

Oxalate 

Oxalate 

M23Cg+ 
OtaI At» 

Cb(/4' 

Oxalate 

Oxalate 

Alloy 

Alloy 

Alloy 

Alloy 

Alloy 

OX7O3 

^®6 

M 23 CS 

“Pat. 13 

|9||| 

^t. 14 

TUT 

Alloy 

Alloy 


I^Og 

OTjOz 


M23C6 

Alloy 

OM 

Alloy 

TUT 

Alloy 

OX7C3 


^23^6 

Diffuse 

pat. 

*^23°6 

Alloy 

M23Cg 

CM 

Alloy 



ngn 


^fe3C6 

Diffuse 

pat. 

^®6 

M23Cg 


55c 

Diffuse 

pat. 

TUTfTlC 

TIH 

0x703 

E^i 


Cr^Cs 

MssCg 

*%3*^6 

Alloy 

CM 

Alloy 

tut 

TUT4CWT 

OX703 

I^Cg 


CtjCz 

MgsOg 

M 23 O 6 

M230g 

ObO 

MgC 

Alloy 

Alloy 

0x7 C3 


^23®6 

Cr-jC^ 


Alloy 


CM 

Alloy 

Alloy 

Alloy 

OX7C3 

®Pat. 14 

M23O6 

CX7O3 

^®6 

M23O6 

^®6 

CM 

“Pat. 15 

Alloy 

Alloy 

Diffuse 

pat. 

Alloy 

Alloy 

Alloy 

JfeCg 

Alloy 

Alloy 

CM 

^t. 11 

Alloy 

Diffuse 

Pa*» 

Diffuse 

pat. 

Alloy 

M23C6 

CrvPs 

Alloy 

M 33 C 6 

MssCg 


Diffuse 

pat. 

mgni 



M330g 


m^i 

M23C6 

Alloy 

WSaMl 


Diffuse 

pat. 

Alloy 

Alloy 

Alloy 

Alloy 

%SC6 

0 x 763 

M230g 

“Pat. 12 

Diffuse 

pat. 


Diffuse 

pat. 
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TABHE 71 - MINCE EHASK HMSTIPIED IN 20 HIGH-TEMEERATDEE ALLOTS 

Im, any meffcalUc atom^ 


Alloy 

Principal 

elements 

Minor elements 

Minor pihases 

16-25-6 

Or, Ni, Fe 

Mo, N, C 

MgC 

17W 


Mo, W, C 

^3^6 

19-9EL 


Mo, ¥, Cb, Tl, C 

CbN, M23C6 

Disoaloy 25 


Mo, Ti, Al, C 

TiC 

S590 

Or, Nl, Co, Fe 

Mb, W, Cb, C 

cn^c^ ^0^ 

N155 


Mo, ¥, Cb, N, C 

CbN 

K-42-B 


Ti, Al, C 

TIC 

Eafraotaloy 26 


Mo, Ti, Al, C 

TiC 

Nlmonlc 80 

Or, N1 . 

Ti, Al, Fe, C 

TIN 

Inconel W 


Ti, Al, Fe, Cn, C 

TIN, TIC 

Inconel Z 


Tl, Cb, Fe, C 

TIN, CbN 

Inconel 


Cu, Fe, C 

Cr?C3 

YitaUlum 

Cr, Co 

Mb, Fe, C 

M23C6 

61 


¥, Fe, Ni, C 

M23C6 

Stellite No. 6 


¥, Si, C 

CryCg 

6059 

Cr, Nl, Co 

Mo, Fe, C 

^3^6 

422-19 


Mo, Fe, C 

^3^6 

Z-40 


¥, Fe, C 

^’3^6 

S816 


Mo, ¥, Cb, Fe, C 

CbC 

Hastelloy B 

Mo, Ni 

Cr, Fe, C 

M6C 
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TABLE Vn - MU50E PHASES OBSERVED IN FODR TIPIS OP STEEL 
[iteita from references 5 (pp. 78-81) to s] 


Increas- 
ing con- 
tent of 
alloying 
element 


Cr steel 

Mo steel 

W steel 

Ti steel 

FejC 

FesC 



^7^3 

^(Fe,Mo)23C6 

“(Fe.vOjsOe 

®TiN, TlN-TiC, ®TiC 

^23^6 

^(Fe,Mo)gC 

^(Fe,W)gC 


FeCr 

MD2^ 

WC 

FegTi 


FSyMOg 

^®7^6 





®Minor phases found in hi#-temperature alloys examined, 
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TABLE Un - COMPARISON (F C0NTH3T CF CAEBUIE-EOEMING ELIMMTS 
NIEE MINOR PHASES IDHSTIFIED 
(M, any metallic atom of alloy "being considered] , 


Alloy Ntmiber of Nimiber of Nunibar of Minor 

Ti atoms Cb atoms (¥+Mo) atoms phase 

per C atom^ per C atom^ per C atom iden- 

availahle to tif ied 


¥ and Mo*" 


Inconel X 

Eefractaloy 26 

Inconel ¥ 

Nimonic 80 

E-42-B 

Discaloy 25 

S816 

S590 

19-9HL 

N155 

Incoi;iel 

Stellite No. 6 


X-40 

6059 

422-19 

Titallivcm 

16-25-6 

Haatelloy B 


12.5 

14.0 
12.5 
12.5 

11.0 

9.0 


.2 

.6 

.8 

.9 

1.5 

1.9 

3.4 

5.0 

30.3 


TiN, CbN 


TiN, TiC 


‘• Atomic percentage of Ti 
Atcmic percentage of C 

Atomic peroenteige of Cb 
Atomic percentage of C 


^ Atomic percentage of (Mb+¥) 

Atomic percentage of C - atc^c percentage of (Ti+CbJ 


950 




